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Measurement of Liquid Density using Tuning Fork

Choong Hyun Kim*, Yong-Bok Lee’, Sung-Chul Lee™

JL Abstract —I(

A sensor using quartz tuning fork is presented for measuring liquid density. It consists of a PZT plate as an actuator
for piezoelectric excitation and a quartz tuning fork as a sensor for resonant frequency detection. The resonant frequency
is determined from the sensing voltage measured in tuning fork when the excitation frequencies of PZT actuator are
swept around the resonant frequencies of tuning fork. The resonant frequency determined the liquid density. The density
values of three kinds of organic solvents are measured and compared with the standard values. The experimental results
are in agreement with the standard values and the maximum standard deviation is less than 9%.
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p,,  density of liquid
=10%ky « m™* (water)
7, : viscosity coefficient of liquid
=1.13x10 %kgm™ 15!
@20°C (water)
w : angular frequency
= 27 % 30,000 Hz
x : characteristic length
= thickness of tuning fork =300pm
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f,.e :resonance frequency in vacuum

f, : resonance frequency in liquid
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. density of quartz including the electrodes

PL : density of liquid

L : length of the cantilever

W : width of the cantilever

T : thickness of the cantilever
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F(T) : geometrical function of the aspect ratio
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Fig. 1 Schematic view of the sensor
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Table 1 Results from the tuning fork

10°kg/m’ ‘kg/m’

Solvents Jun: (HE] 1, THz] (Z;Emimiili (st:;dglrg, %20!(:) Error [%]

Acetone 3276840.1 28954.316.0 0.720 0.791 9.0

Ethanol 32768+0.1 28852.9+14.7 0.743 0.789 58

Toluene 32768+0.1 28500.8426.8 0.825 0.865 46
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